Advantages of the Prism Pump Cavity
High efficiency has been demonstrated with a Nd:YLF prism pump cavity by Hirano et al.* (43% optical to optical efficiency) in QCW operation. We obtained similar slope efficiency for our Nd:YLF laser.
The same Japanese group has demonstrated 48 mJ from a Qswitched prism pump cavity oscillator. We obtained 110 mJ energy per pulse.
The pump cavity can be conductively-cooled Small and compact *Y. Hirano, T. Yanagisawa, S. Ueno, T. Tajime, O. Uchino, T. Nagai, and C. Nagasawa, "All solid-state high-power conduction cooled Nd:YLF rod laser," Opt. Lett. 25, 1168 Lett. 25, (2000 . 
Simplified Ray Tracing in the Prism-Pump Cavity

Isometric View of the Laser Head, QCW Design Fluorescence Profile of the Laser Rod
Two RG 850 Schott glass filters were placed in front of the camera to block pump light @ 792 nm. The fluorescence has maxima near the diode lasers. The fluorescence image has three fold symmetry corresponding to the positions of the pump laser diodes. Maximum to minimum variation is less than 20%. Pulse width was 400 μs at 10-Hz repetition rate (single pulse format). Slight saturation occurred near maximum output power for R=70% and 60% OC.
I-O Curves for Different Output Couplers
Laser Beam Profile at Maximum Output Power in Long Pulse Operation
Camera was approximately 10-cm away from the output coupler.
Beam profile was recorded for R = 70% output coupler at maximum output power. Intensity distribution is uniform throughout the laser rod (less than 15% variation).
Laser Beam Profile in Q-switched Operation with a 5-m Concave Rear HR Mirror
The rear HR was a concave mirror with 5 m radius of curvature.
Beam profile was recorded for R = 30% output coupler at maximum output power. Intensity distribution was uniform in the laser rod (less than 10% variation).
Resonator length was approximately 20 cm. Avg. pump power (W) Avg. output power (W) R = 30%, double pulse, after damage R = 30%, double pulse, before damage Rear HR was concave mirror with 5-m radius of curvature. OC was flat mirror with R = 30%. First pump pulsewidth was 500 μs and second pump pulsewidth was 300 μs.
I-O Curve in the Q-switched Operation
Slope efficiency before damage was 23% and after damage was 17%.
Laser Beam Profile in Q-switched Operation with a Damaged Region in the Rod
A low intensity "hole" at the top of the profile represents a damaged region in the laser rod.
The beam diameter at the OC was 3.7 mm. Intensity distribution was uniform in the laser rod (less than 10% variation). Damage occurred when the energy of Qswitched laser pulse exceeded 110 mJ.
Conclusions
We have successfully built an all solid-state, conduction cooled Nd:YLF laser for space-based applications. Heat pipes are used to remove heat from the laser head.
In long pulse operation, we obtained 0.5 J per pulse of 1053-nm radiation at a 10-Hz repetition rate. The slope efficiency was 40% and the input pump energy per pulse was 1.6 J.
In Q-switched operation, we obtained 110 mJ from each pulse in a double pulse format at a repetition rate of 10 Hz.
The maximum output energy per pulse was limited by the damage threshold of the Nd:YLF laser rod.
